Participants: We studied 338 pregnant women who attended prenatal care in 3 public health centres.
INTRODUCTION
Infection with the parasite Toxoplasma gondii (T. gondii) is common in humans and animals around the world. 1 2 This infection is acquired by ingestion of water or food contaminated with oocysts shed by cats or other felids, by ingestion of tissue cysts in meat from mammals and birds, 2 3 and congenitally. 4 5 Most infections are asymptomatic; however, infection with the parasite can lead to acute toxoplasmosis that presents as lymphadenopathy or chorioretinitis. 5 Immunocompromised individuals may develop a life-threatening disease with meningoencephalitis. 5 6 Primary infection with T. gondii during pregnancy may lead to congenital disease with miscarriages or stillbirths, 5 7 8 or disease in eye and central nervous system. 5 9 10 Most newborns with congenitally acquired infections with T. gondii are asymptomatic; however, clinical manifestations of toxoplasmosis develop later in life. 9 Diagnosis of infection with T. gondii during pregnancy is made with the aid of serological tests, particularly the IgG avidity testing that allows for more accurate timing of maternal infection. 11 12 Very little is known about the seroepidemiology of T. gondii infection in pregnant women in Mexico in general, and there is a lack of knowledge about this infection in pregnant women, particularly in the central
Strengths and limitations of this study
▪ This is the first cross-sectional study of Toxoplasma gondii infection in pregnant women in the central Mexican city of Aguascalientes. ▪ The current study gave us the immunological status against infection with T. gondii in a sample of pregnant women in central Mexico. ▪ This study provides a number of risk factors for infection with T. gondii in pregnant women that can be useful to design optimal preventive measures against toxoplasmosis. ▪ The sample size was small, and the seropositivity rate was low to perform a wider analysis of the association of T. gondii exposure and characteristics of the pregnant women.
Mexican city of Aguascalientes. In two previous studies in the northern Mexican state of Durango, T. gondii seroprevalences of 6.1% in urban 13 and 8.2% in rural 14 pregnant women were found. In the present study, we sought to determine the seroprevalence of T. gondii infection in pregnant women attending prenatal consultations at three public health centres in Aguascalientes City, Mexico, and to determine the association of T. gondii seropositivity with the sociodemographic, clinical, behavioural and housing characteristics of the pregnant women.
MATERIALS AND METHODS
Study design and study population Through a cross-sectional study design, we examined pregnant women who attended the prenatal care consultations at one of the three public health centres (Instituto Detection of anti-T. gondii antibodies A serum sample was obtained from each pregnant women. Sera were stored at −20°C until analysed. All serum samples were tested for IgG antibodies to T. gondii by a commercially available enzyme immunoassay 'Toxoplasma IgG' kit (Diagnostic Automation/Cortez Diagnostics, Woodland Hills, California, USA). Sera positive for IgG antibodies to T. gondii were further tested for IgM antibodies to T. gondii by a commercially Figure 1 Geographical location of Aguascalientes State, Mexico. It is located in central Mexico, and the geographical coordinates of its capital (Aguascalientes City) are 21°53′N, 102°18′W. This city has a temperate semiarid climate, a mean annual rainfall of 500 mm, an altitude of 1700 m above sea level and a mean annual temperature of 18.5°C. available enzyme immunoassay 'Toxoplasma IgM' kit (Diagnostic Automation/Cortez Diagnostics). Positive samples for IgM antibodies to T. gondii by enzyme immunoassay were further tested with the commercially available enzyme-linked fluorescence immunoassay (ELFA) kit 'VIDAS Toxo IgM' (bioMérieux, Marcy l'Etoile, France). Seropositivity for IgM antibodies was considered when both (enzyme immunoassay (EIA) and ELFA) IgM tests were positive. Avidity of IgG antibodies to T. gondii was assessed in IgM seropositive samples by the VIDAS TOXO IgG Avidity (bioMérieux) assay. All tests were performed following the manufacturer's instructions. Positive and negative controls were included in each run.
Statistical analysis
Statistical analysis was performed with the aid of Epi Info V.7 and SPSS V.15.0 software. For calculation of the sample size, we used: (1) a reference seroprevalence of 6.1% 13 as the expected frequency for the factor under study, (2) 15 000 as the population size from which the sample was selected, (3) a 3.0% of confidence limits and (4) a 95% confidence level. The result of the sample size calculation was 241 participants. We used the Pearson's χ 2 test for comparison of the frequencies among groups. Bivariate analysis was followed by multivariate analysis to determine the association between T. gondii seropositivity and the sociodemographic, behavioural and housing characteristics of the pregnant women. To avoid bias in the process of data analysis, clinical characteristics were analysed separately from other characteristics. As a criterion of selection of variables for the multivariate analysis, we included only variables with a p≤0.10 obtained in the bivariate analysis. ORs and 95% CIs were calculated by logistic regression analysis using the Enter method. Statistical significance was set at a p<0.05.
Ethics aspects
The purpose and procedures of this study were explained to all participants, and a written informed consent was obtained from all of them.
RESULTS
Of the 338 pregnant women studied, 21 (6.2%) had IgG antibodies to T. gondii and 2 (9.5%) women were also positive for IgM antibodies to T. gondii by the enzyme immunoassays. Both serum samples positive for IgM by immunoassays were further tested by ELFA and only one resulted positive (4.8%). This IgM-positive sample showed high IgG avidity antibodies. Of the 21 anti-T. gondii IgG-positive women, 6 (28.6%) had IgG levels higher than 150 IU/mL, 1 (4.8%) between 100 and 150 IU/mL, and 14 (66.6%) between 10 and 99 IU/mL. Table 1 shows the sociodemographic characteristics of the pregnant women and their correlation with T. gondii IgG seropositivity. The variables 'ethnic group' and 'educational level' showed p<0.10 by bivariate analysis. Other sociodemographic variables of pregnant women showed p>0.10 by bivariate analysis.
Concerning clinical data, bivariate analysis showed that seropositivity to T. gondii was positively associated with the variables 'frequent abdominal pain' ( p=0.03), 'memory impairment' ( p=0.02) and 'history of hepatitis' ( p=0.04) and negatively associated with the variable 'history of surgery' ( p=0.01; table 2). Other clinical variables did not show any association with T. gondii seropositivity. None of the women had a history of organ transplantation.
With respect to behavioural and housing characteristics, bivariate analysis showed that the variables 'frequency of eating out of home', 'washing hands before eating' and 'type of toilet facility' showed p≤0.10. Other behavioural and housing variables showed p>0.10 by bivariate analysis. Results of a selection of behavioural Table 4 shows the results of the multivariate analysis. 
DISCUSSION
There is currently no report about the seroepidemiology of T. gondii infection in pregnant women in central Mexico. Therefore, this study was aimed to determine the seroprevalence and correlates of T. gondii infection in pregnant women attending prenatal consultations at the three public health centres in Aguascalientes City. Testing for T. gondii infection during pregnancy is not mandatory in Mexico. Laboratory tests for the serological diagnosis of T. gondii infection are not available in many hospitals in this country. In fact, a study of knowledge and practices on toxoplasmosis among physicians attending pregnant women in the northern Mexican city of Durango showed poor knowledge about T. gondii laboratory diagnosis; 59% of physicians never requested laboratory tests for detecting T. gondii infection, and only few physicians provided recommendations to avoid T. gondii infection to pregnant women. 15 Results of the present study showed an overall 6.2% seroprevalence of T. gondii infection in pregnant women in Aguascalientes City. Only few studies about the seroepidemiology of T. gondii infection in pregnant women in Mexico have been reported. The seroprevalence found in pregnant women in Aguascalientes is comparable to the 6.1% seroprevalence of T. gondii infection reported in pregnant women in the northern Mexican city of Durango, 13 and the 8.2% seroprevalence reported in pregnant women in rural Durango State, Mexico.
14 In addition, the seroprevalence found in our study population is lower than the 34.9% seroprevalence reported in women with high-risk pregnancies and habitual abortions in Guadalajara City, Mexico. 16 The low seroprevalence found in pregnant women in Aguascalientes City can be related to the temperate semiarid climate of this city. Prevalence of T. gondii infection in humans and animals has been linked to climate. For instance, in a study about the incidence of congenital toxoplasmosis in newborns in Colombia, Gómez-Marin et al 17 found a significant correlation between a high incidence of markers for congenital toxoplasmosis and higher mean annual rainfall for the city. In addition, in a study of cats in France, researchers found the highest seroprevalence of T. gondii infection during years with cool and moist winters. 18 In an international context, the seroprevalence found in pregnant women in Aguascalientes City is lower than the 39.8% seroprevalence of T. gondii infection in pregnant women in 10 English-speaking Caribbean countries reported recently. 19 Similarly, the 6.2% seroprevalence found in our study is lower than seroprevalences reported in pregnant women in Eastern China (15.2%), 20 Northern Iran (39.8%) 21 and Northeast Brazil (68.5%). 22 In contrast, the seroprevalence found in our study is comparable to seroprevalences in pregnant women reported in Norway (9.3%) 23 and Korea (3.7%). 24 It is not clear why similar seroprevalences among these countries exist. It is possible that behavioural characteristics like cooking meat or low prevalence of T. gondii infection in animals for human consumption in these countries might contribute for the low seroprevalence of T. gondii infection in these countries.
In the present study, T. gondii infection was significantly higher in pregnant women with memory impairment, frequent abdominal pain and a history of hepatitis than in women without these clinical characteristics. Memory impairment has been associated to T. gondii infection in elderly people in Germany, 25 and our results confirm previous observations of this association in adults in other groups of population in Mexico, including people of Huichol ethnicity, 26 migrant agricultural workers 27 and gardeners. 28 The association between T. gondii infection and abdominal pain has been scantily reported. Gastric toxoplasmosis with abdominal pain was reported in a 22-year-old Haitian woman with AIDS, 29 and in a 49-year-old man with the same syndrome in the USA. 30 Further research to confirm the association of T. gondii exposure and abdominal pain in immunocompetent participants is needed. On the other hand, pregnant women with a history of hepatitis had a significantly higher seroprevalence of T. gondii infection than those without this history. Infection with T. gondii may lead to liver disease. Toxoplasmic hepatitis has been reported in immunocompetent patients, 31 32 and in HIV-infected patients. 33 34 Additional studies to determine the role of T. gondii infection in acute hepatitis should be conducted. In the current study, we also observed that the frequency of T. gondii exposure was significantly lower in pregnant women with a history of surgery than in those without this history. This finding suggests that history of surgery did not play an important role in transmission of T. gondii in the women studied.
We looked for sociodemographic, behavioural and housing factors associated with T. gondii exposure. Multivariate analysis showed that T. gondii seropositivity was associated with white ethnicity, not washing hands before eating and use of latrine. In the USA, seroprevalence of T. gondii infection was reported to be higher among non-Hispanic black persons than among non-Hispanic white persons. 35 Clinical manifestations of T. gondii infection may vary among ethnic groups. In adults 60 years and older in the USA, latent T. gondii infection affected immediate memory, particularly in white Americans. 36 Further research to determine the magnitude of T. gondii exposure and the role of T. gondii in pathogenicity among ethnic groups is warranted. The association of T. gondii exposure and not washing hands before eating and the use of latrine found in the present study reflects poor hygiene and sanitation among the seropositive women, thereby facilitating infection via sporulated oocysts. In a study of children in Iran, researchers found an association of T. gondii seropositivity and not washing hands before meals. 37 Similarly, in a study of children in China, hand washing habits was a protective factor against T. gondii infection. 38 Washing hands is an important practice to prevent congenital toxoplasmosis. 39 The present study has limitations. The sample size was small, and the 95% CI of some factors associated with T. gondii exposure had wide ranges. Therefore, associations with very wide 95% CI should be interpreted with care.
CONCLUSIONS
Results demonstrate that pregnant women in Aguascalientes City have a low seroprevalence of T. gondii infection. However, this low seroprevalence indicates that most pregnant women are at risk for a primary infection. The factors found to be associated with T. gondii exposure in this study, including poor hygiene, may be useful to develop preventive measures against T. gondii infection and its sequelae.
